Mortality related to bacteremic pneumonia remains high, and the role of sepsis in inflammation, pulmonary injury, and death remains unclear, mostly in leukopenic states. In the present study, the microbiology, histopathology, and host response to Streptococcus pneumoniae and Klebsiella pneumoniae infection were determined in an experimental model of bacteremia in immunocompetent and leukopenic mice. Leukocyte depletion by cyclophosphamide did not impair the early clearance of pneumococci from blood but facilitated growth in lungs. By contrast, klebsiellae rapidly grew in blood of leukopenic mice. These observations suggest that tissue-based phagocytes and circulating leukocytes, respectively, play prominent roles in S. pneumoniae and K. pneumoniae eradication. The kinetics of leukocyte recruitment in lungs during S. pneumoniae bacteremia suggested early strong inflammation in immunocompetent mice that is associated with tumor necrosis factor alpha release and histological disorders, including cell debris and surfactant in alveolar spaces. Leukocyte depletion further stimulated pulmonary capillary leakage both in S. pneumoniae and K. pneumoniae bacteremia, which seemed attributable to bacterial virulence factors. Nitric oxide production did not differ significantly among groups. Leukopenia and low platelet counts characterized the late stage of bacteremia for both strains, but only K. pneumoniae altered renal function. Understanding the pathogenesis of bacteremia will help establish beneficial therapies for both sepsis and pneumonia.
Bacterial pneumonia is a leading cause of morbidity and mortality in both developed and developing countries, and Streptococcus pneumoniae remains the most common pathogen responsible for community-acquired pneumonia throughout the world. It has been reported that human pneumococcal pulmonary infection when complicated with bacteremia results in two to three fold-higher mortality rates (22) . Our previous experimental studies pointed out a direct correlation between bacteremia and mortality in immunocompetent mice suffering from pneumococcal pneumonia (2, 3) . In fact, hemodynamic and hemostatic changes and progressive multiple organ failure are the most frequently observed adverse effects of bacteremia in humans. Conversely, sepsis also accounts for as many as half of all cases of acute respiratory distress syndrome (ARDS) (14, 17, 37) . Lung injury apparently occurs at the very onset of bacteremia, this organ often being the first to fail (37) . However, the contribution of sepsis to lung injury in the context of bacteremic bacterial pneumonia remains unclear. In various pathological conditions (5, 8, 11, 14, 19, 24, 28, 33, 39) , lung injury induced by bacteremia is characterized by increased microvascular permeability and edema; hence, pathophysiological changes in the alveolar-capillary barrier most likely contribute to mortality resulting from bacteremia.
A comparison of bacteremic community-acquired lobar pneumonia due to S. pneumoniae and Klebsiella pneumoniae in an intensive care unit already showed that thrombocytopenia and leukopenia feature with increased frequency in patients with pulmonary infection due to K. pneumoniae (9) . However, the pathogenesis of lung injury induced by bacteremia in leukopenic patients after exposure to either microorganism has been poorly defined. The use of chemotherapeutic agents for the treatment of cancer and other illnesses has led to an increasing number of patients with profound leukopenia (18) . These patients often develop serious infections, such as pneumonia and bacteremia. Our recent experimental data with cyclophosphamide-treated mice suffering from pneumococcal pneumonia showed surprisingly high cytokine levels in blood of leukopenic animals and similar bacterial counts in blood compared with immunocompetent mice infected with the same size of inoculum, suggesting resistance to bacterial dissemination in leukopenic states by means other than circulating leukocytes (E. Wang, M. Simard, N. Ouellet, Y. Bergeron, D. Beauchamp, and M. G. Bergeron, submitted for publication).
A better understanding of host response to bacteremia in the context of immunosuppression is of therapeutic significance for the treatment of pulmonary infections induced by gram-positive and gram-negative bacteria. In the present study, we investigated the course of leukopenic and immunocompetent mouse responses to S. pneumoniae and K. pneumoniae bacteremia. We sought to determine the effect of leukopenia on the kinetics of bacterial growth and clearance and on the hematological and inflammatory responses, and we tried to determine the potential correlation of these factors to pulmonary vascular permeability and injury as well as to multiple organ failure.
MATERIALS AND METHODS
Animals. Female CD1 Swiss mice (obtained from Charles River, St-Constant, Quebec, Canada) weighing 18 to 20 g were used throughout the study. All protocols using animals were approved by the Laval University Animal Protection Committee. Animals had access to food and water throughout the experiment. They were acclimatized to our animal facilities for 1 week before the beginning of the experiment. Half of the animals were rendered leukopenic by intraperitoneal injections of 150 mg of cyclophosphamide (Charte-Horner Inc., Mississauga, Ontario, Canada) per kg of body weight 3 successive days before and 1 day after the bacterial challenge.
Bacteremia model. Clinically isolated encapsulated S. pneumoniae serotype 3 and K. pneumoniae strains were first grown on blood agar for 18 h. Freshly grown colonies were suspended in brain heart infusion (supplemented with 5% horse serum for S. pneumoniae) and incubated at 37°C overnight. On the day of infection, immunocompetent and leukopenic mice were injected in the tail vein with 100 l of phosphate-buffered saline containing 10 6 CFU of either S. pneumoniae or K. pneumoniae cells. The size of inoculum was confirmed by serial dilution and quantitative subculture on blood agar. This inoculum was chosen based on bacterial counts recovered from blood of animals suffering from severe pneumonia (unpublished data). It induced mortality within 24 h in leukopenic mice and within 48 h in immunocompetent mice for either strain. Therefore, all parameters evaluated in the pathogenesis studies were tested within 36 h postinfection.
Experimental protocol. Leukopenic and immunocompetent animals were infected as described above. Five mice per group were sacrificed either before infection (control values) or at 0.5, 2, 4, 12, 24, or 36 h postinfection. The following parameters were determined: viable bacteria in blood and lungs, white blood cells (WBCs), platelets, myeloperoxidase (MPO) as a marker of neutrophil infiltration in lung tissue, nitric oxide (NO), various enzymatic markers in blood as indicators of organ failure, and electron microscopy. At the time of sacrifice, animals were killed by CO 2 inhalation and were immediately exsanguinated by intracardiac puncture. Blood was collected in heparinized tubes for hematological analysis. Bronchoalveolar lavage (BAL) fluid was obtained as previously described (2) . Briefly, the trachea was exposed, a catheter was inserted, and then a volume of 0.6 ml of potassium phosphate buffer was infused and recovered; this procedure was repeated three times. BAL fluid was centrifuged at 1,800 ϫ g for 10 min, and supernatant was used to determine the concentration of NO end products. Lungs were removed and homogenized for the dosage of inflammatory mediators. Tissue sections were also made from pulmonary lobes for histological observations. Vascular permeability studies were performed with additional animals (five per group per time point), after injection of Evans blue, as described below.
Bacterial growth and clearance. Blood was collected and lungs were removed together with the heart, as previously described (2) . Residual blood in pulmonary capillaries was removed from lungs through the infusion of sterile saline into the right ventricle until the effluent was clear. Lungs were then homogenized with a FIG. 1. Bacterial counts in bloodstream of four infected groups (means plus SD for five mice). ‫,ء‬ value higher than that for immunocompetent mice with S. pneumoniae bacteremia (P Ͻ 0.01); §, value significantly higher than that for immunocompetent mice with K. pneumoniae bacteremia (P Ͻ 0.001).
Potter-Elvehjem homogenizer in 2 ml of potassium phosphate buffer (50 mM, pH 6.0) at 4°C. Bacterial counts in blood and lung homogenates were made on serial 10-fold dilutions plated on blood agar and incubated at 37°C for 18 h. The limit of detection was 2 log 10 CFU per ml of sample.
Hematological parameters. Blood cells (WBCs and platelets) were quantified using a Coulter Counter (SS80; Coulter Electonics, Hialeah, Fla.). Differential WBC counts were made on Wright-stained blood smears. The infiltration of neutrophils in lung tissues was quantified through the measurement of MPO, as previously described (2).
Inflammatory mediators. Tumor necrosis factor alpha (TNF-␣) production was evaluated in lung homogenates and in serum. Six hundred microliters of phosphate buffer containing aprotinin (20 U) and 3-[3-cholamidopropyl)-dimethylammonio]-1-propanesulfonate (CHAPS, 0.2%) was added to 600 l of lung homogenates. After centrifugation of lung homogenates and of blood, TNF-␣ was measured in the supernatants by sandwich enzyme-linked immunosorbent assays. The release of NO in BAL fluid was evaluated by the colorimetric method of Griess after reduction of nitrate into nitrite metabolites, as previously reported (2) .
Lung vascular permeability. The Evans blue permeability assay was used to quantify lung capillary permeability. Evans blue avidly binds to serum albumin and can therefore be used as a tracer for transcapillary flux of macromolecules. The extravasation of Evans blue has frequently been employed to quantify vascular permeability (13, 21, 29, 36) . Evans blue (0.2 ml at a concentration of 25 mg/ml) was injected in a tail vein 30 min prior to the sacrifice. Lungs were homogenized in 2 ml of potassium phosphate buffer. Evans blue was extracted by incubating samples in 4 ml of formamide at 60°C for 24 h, followed by centrifugation at 5,000 ϫ g for 30 min. The concentration of Evans blue was estimated by dual-wavelength (620 and 740 nm) spectrophotometry, which allowed correction of optical densities (E) for contaminating heme pigments. Thus, the following formula was used: E 620 (corrected) ϭ E 620 Ϫ (1.426 ϫ E 740 ϩ 0.030).
Histopathological examination. Lung injury was observed by standard histology procedures (2) . Whole lungs were fixed in 4% formalin, embedded in paraffin, and processed for light microscopy using eosin and hematoxylin stainings. Tissue sections were also fixed in 2.5% glutaraldehyde-0.1 M phosphate buffer (pH 7.4), postfixed in 1% osmium tetroxide, dehydrated, and embedded in Epon for electron microscopy.
Biochemical markers. To further detect potential multiple organ failure, various biochemical markers were quantified in serum (at all time points listed in the experimental protocol), including aspartate transaminase and alanine transaminase for the liver, creatine kinase for the heart, and creatinine and blood urea nitrogen (BUN) for the kidneys. Standard procedures were applied for the dosage of these markers, by routine clinical biochemistry laboratory protocols and devices.
Statistical analyses. Data are presented as means plus standard deviations (SD). Statistical analysis of the data was carried out by two-way analysis of variance for comparison of differences between groups. Fisher tests were used for multiple paired comparisons of data. A P value of Ͻ0.05 was considered significant.
FIG. 2. Bacterial counts in lungs from four infected groups (means plus SD for 5 mice).
• and ‫,ء‬ values significantly higher than those for immunocompetent mice with S. pneumoniae bacteremia (P values of Ͻ0.05 and Ͻ0.01 respectively); §, value significantly higher than that for immunocompetent mice with corresponding S. pneumoniae or K. pneumoniae bacteremia (P Ͻ 0.001).
RESULTS
Bacterial counts in blood and lungs. The log CFU of S. pneumoniae and K. pneumoniae in blood and lungs are shown in Fig. 1 and 2 , respectively. Shortly after infection (0.5 h), no significant difference was observed in blood CFUs from immunocompetent and leukopenic mice infected with S. pneumoniae or K. pneumoniae (Fig. 1) . From that point, the kinetic of bacterial counts over time showed that maximal CFU in blood were observed at the earliest time point (0.5 h) postinfection in immunocompetent mice infected with either S. pneumoniae or K. pneumoniae, while maximal CFU were obtained 12 h postinfection in leukopenic mice (for both strains), from which time point animals started to die. Significantly higher K. pneumoniae counts were observed in blood of leukopenic mice than in blood of immunocompetent animals at 2, 4, and 12 h postinfection (P Ͻ 0.001), while only at 12 h could we see a difference in S. pneumoniae counts following leukocyte depletion (P Ͻ 0.01).
Leukocyte depletion rapidly promoted pulmonary invasion by S. pneumoniae (Fig. 2) , as the log CFU of this strain in lungs was significantly higher in leukopenic mice than in immunocompetent animals at 0.5, 2, 4, and 12 h postinfection (P values of Ͻ0.05, Ͻ0.01, Ͻ0.001, and Ͻ0.001, respectively). By contrast, K. pneumoniae counts in lungs of immunocompetent mice remained low at early times of the experiment, and leukocyte depletion promoted growth only from 4 h postinfection, with a striking difference being observed at 12 h (P Ͻ 0.001 at 4 and 12 h).
WBCs in peripheral bloodstream. Figure 3 shows the WBC counts in blood of infected immunocompetent and leukopenic mice. WBCs in infected leukopenic animals were consistently lower than 1.0 ϫ 10 9 /liter, with no significant difference at any time point compared to uninfected leukopenic mice (1.0 ϫ 10 9 Ϯ 0.5 ϫ 10 9 cells/liter) for either strain tested. WBCs in blood of immunocompetent animals infected with S. pneumoniae reached a peak of 11.3 ϫ 10 9 /liter at 2 h postinfection (P Ͻ 0.001 compared to noninfected immunocompetent mice, which had 7.2 ϫ 10 9 Ϯ 1.0 ϫ 10 9 cells/liter), sharply declined thereafter (from 4 h), and remained below the levels in uninfected mice until death (P Ͻ 0.01 at 4, 12, and 24 h). The same FIG. 3 . WBCs in peripheral bloodstream of four infected groups (means plus SD for five mice).
•, value significantly higher than that for leukopenic mice with S. pneumoniae bacteremia (P Ͻ 0.05); ‫,ء‬ value significantly higher than that for leukopenic mice with K. pneumoniae bacteremia (P Ͻ 0.01); §, value significantly higher than that for leukopenic mice with corresponding S. pneumoniae or K. pneumoniae bacteremia (P Ͻ 0.001). The value for noninfected immunocompetent mice was 7.2 ϫ 10 9 Ϯ 1.0 ϫ 10 9 cells/liter; the value for noninfected leukopenic mice was 1.0 ϫ 10 9 Ϯ 0.5 ϫ 10 9 cells/liter.
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on October 14, 2017 by guest http://iai.asm.org/ pattern prevailed with K. pneumoniae bacteremia, except that peak levels reached 9.8 ϫ 10 9 /liter at 0.5 h and that the decline occurred earlier, at 2 h. In fact, the increase at 0.5 h did not differ significantly from that in noninfected immunocompetent mice, while significantly lower counts were observed at 2, 12, 24, and 36 h (P Յ 0.05). Significant differences (P values from Ͻ0.05 to Ͻ0.001) between infected immunocompetent and leukopenic animals were observed throughout the experiment for both strains tested.
MPO activity in lung tissues. Neutrophil recruitment into lung tissues was quantified by the intracellular enzymatic marker MPO (Fig. 4) . As expected, MPO levels in lungs of infected leukopenic mice remained unchanged compared to those of noninfected leukopenic animals (0.4 Ϯ 0.1 U/lung). Peak MPO activity was observed at 2 h postinfection in lungs of immunocompetent mice infected with either S. pneumoniae or K. pneumoniae; it decreased gradually thereafter. Of interest, MPO at 0.5 h was significantly higher in S. pneumoniaeinfected immunocompetent mice than in K. pneumoniae-infected immunocompetent mice (P Ͻ 0.001).
Platelet counts in peripheral blood. Platelet counts (Fig. 5 ) were significantly affected by cyclophosphamide injections, decreasing from approximately 1,400 ϫ 10 9 /liter in noninfected immunocompetent mice to 600 ϫ 10 9 /liter in noninfected leukopenic mice (P Ͻ 0.001). Infection of immunocompetent mice with either S. pneumoniae or K. pneumoniae significantly reduced platelet counts at the latest time points (12, 24 , and 36 h) compared to uninfected immunocompetent controls (P Ͻ 0.01 at 12 h and P Ͻ 0.001 at 24 and 36 h), but no further reduction in platelet counts was observed in leukopenic mice infected with either strain compared to the respective leukopenic noninfected controls.
Inflammatory mediator levels. TNF-␣ levels in infected mice are reported in Fig. 6 . Early (2-h) peak secretion of TNF-␣ was seen in lungs (Fig. 6A) and serum (Fig. 6B) of S. pneumoniaeinfected immunocompetent mice (P Յ 0.05 compared to leukopenic mice). TNF-␣ levels rapidly decreased thereafter. There was no significant difference in TNF-␣ levels between immunocompetent and immunosuppressed mice infected with K. pneumoniae. There was no significant increase in NO levels in BAL fluid of animals after induction of bacteremia with either bacterial strain tested in this experiment (data not shown). FIG. 4 . MPO in lungs of four infected groups (means plus SD for five mice). §, value significantly higher than that for leukopenic mice with corresponding S. pneumoniae or K. pneumoniae bacteremia (P Ͻ 0.001). The value for noninfected immunocompetent mice was 0.5 Ϯ 0.1 U/lung; the value for noninfected leukopenic mice was 0.4 Ϯ 0.1 U/lung.
Pulmonary vascular permeability.
The pulmonary vascular permeability (as evaluated by Evans blue extravasation) showed higher values (P Ͻ 0.01) in leukopenic mice than in immunocompetent mice 2 h after infection with either S. pneumoniae or K. pneumoniae (Fig. 7) .
Histology. This bacteremia model did not induce major injuries to the lungs, in contrast to pneumonia models. Therefore, light microscopy did not reveal major differences among groups (data not shown) whereas electron microscopy did reveal otherwise undetectable tissue injuries. Electron microscopy (Fig. 8) showed slight neutrophil infiltration in perivascular areas of S. pneumoniae-infected (Fig. 8D) and K. pneumoniae-infected (Fig. 8F ) lungs in immunocompetent mice. By contrast, no neutrophils were observed in lung interstitium of leukopenic mice ( Fig. 8C and E) . Cellular debris and surfactant in alveolar spaces were more abundant in S. pneumoniae-infected mice (Fig. 8C and D) (mostly the leukopenic group [ Fig. 8C] ) than in K. pneumoniae-infected animals ( Fig.  8E and F) . Pneumococci were also seen in capillaries of leukopenic mice (Fig. 8C ) despite blood removal at the time of sacrifice. Lungs from K. pneumoniae-infected immunocompetent mice (Fig. 8F ) appeared to be less affected than those from any other infected group.
Biochemical function. No significant difference was observed among groups in serum aspartate transaminase, serum alanine transaminase, and creatine kinase levels throughout the experiment, with values of 215, 182, and 393 U/liter, respectively, in normal mice. However, BUN levels increased in K. pneumoniae-infected immunocompetent mice at 24 h (12.3 versus 6.4 mmol/liter, P Ͻ 0.01 compared to those in normal uninfected mice) while serum creatinine increased at 36 h in the same group (28.8 versus 11.0 mol/liter, P Ͻ 0.01 compared to those in normal uninfected mice). Infection with S. pneumoniae did not alter BUN and creatinine levels in this experiment.
DISCUSSION
Septicemia is known to contribute to the high mortality rate associated with pneumonia (3). However, the contribution of bacteremia to pulmonary capillary leakage, lung injury, and ARDS is still poorly defined. It is also not clear how blood and lungs respond to pneumococcal bacteremia in leukopenic FIG. 5 . Platelet counts in peripheral blood of four infected groups (means plus SD for five mice). ‫,ء‬ value significantly lower than that for immunocompetent uninfected mice (P Ͻ 0.001); §, value significantly lower than that for immunocompetent uninfected mice (P Ͻ 0.001). The value for noninfected immunocompetent mice was 1,380 ϫ 10 9 Ϯ 110 ϫ 10 9 cells/liter; the value for noninfected leukopenic mice was 580 ϫ 10 9 Ϯ 70 ϫ 10 9 cells/liter.
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on October 14, 2017 by guest http://iai.asm.org/ FIG. 6. TNF-␣ levels in lungs (A) and serum (B) of leukopenic and immunocompetent mice suffering from bacteremia induced by either S. pneumoniae or K. pneumoniae (means plus SD, for five mice). ‫,ء‬ value significantly higher than that for leukopenic mice with S. pneumoniae bacteremia (P Ͻ 0.01).
•, value significantly higher than that for leukopenic mice with S. pneumoniae bacteremia and that for noninfected immunocompetent mice (P Ͻ 0.05). The values for noninfected immunocompetent mice were 27 Ϯ 30 pg/ml (lungs) and in 110 Ϯ 50 pg/ml (serum); the values for noninfected leukopenic mice were 20 Ϯ 18 pg/ml (lungs) and 160 Ϯ 90 pg/ml (serum).
states. Our recent observations made with leukopenic mouse models of pneumonia suggested that high levels of cytokines and chemokines may be produced in lungs and blood of bacteremic mice despite severe leukocyte depletion (Wang et al., submitted). The goal of the present study was to investigate the microbiological and inflammatory events that characterize host response and pulmonary injury during bacteremia induced by either S. pneumoniae or K. pneumoniae in leukopenic mice and to compare them with those observed in immunocompetent mice.
The kinetics of bacterial growth and clearance suggested that leukocyte depletion did not impair the host capacity to control S. pneumoniae in blood over the first hours following infection, although it facilitated growth in lungs. These data support our observations with leukopenic mice suffering from pneumococcal pneumonia, which suggested that host defense mechanisms responsible for removal of S. pneumoniae from bloodstream differed from those in lungs (Wang et al., submitted). In contrast, leukocyte depletion rapidly impaired the clearance of K. pneumoniae from both the bloodstream and the lungs. These data suggest that circulating leukocytes are key mediators for K. pneumoniae clearance but that tissue-based phagocytes might play a more prominent role in the clearance of S. pneumoniae. Our results also suggest that lungs are predisposed targets for the proliferation of S. pneumoniae while the bloodstream would preferentially be susceptible to K. pneumoniae growth in immunosuppressed hosts.
In clinical settings, the rate of bacteremia due to gramnegative bacteria and fungi dramatically increases in leukopenic patients. For instance, an eightfold increase in the rate of gram-negative bacteremia (such as K. pneumoniae, Escherichia coli, or Pseudomonas aeruginosa) was observed in patients with absolute neutrophil counts lower than or equal to 500 cells/ml for a period of less than 1 week (23). It is generally assumed that pneumococcal bacteremia in this population is uncommon (16, 27) . However, most pneumococcal bacteremias that develop in neutropenic patients with cancer are associated with the development of pneumococcal pneumonia (4, 6, 7). Therefore, in the prevention and treatment of S. pneumoniae and K. pneumoniae infections in leukopenic hosts, lung tissue and the bloodstream, respectively, should be considered privileged sites. The kinetics of leukocyte counts in blood and MPO activity in lung tissues that we observed in S. pneumoniae-infected immunocompetent mice showed maximal availability of circulating leukocytes in blood and neutrophil sequestration in lungs within 2 h postinfection. Cell activity was associated with a high pulmonary capillary permeability index compared to that in uninfected mice and with maximal TNF-␣ release at 2 h, followed at 4 h by histological anomalies such as debris and surfactant in alveolar spaces. In recent years neutrophils were shown to participate in lung injury and edema (1, 10, 31, 38) . The concept was largely derived from the fact that neutrophil depletion protected against the increase in pulmonary vascular permeability which occurred in various animal models of acute lung injury induced by nonbacterial stimulating agents (15, 32) . However, many aspects of this concept extrapolated from nonbacterial models remained unverified in bacteremia. In our experiment, a significantly higher (P Ͻ 0.05 at 2 h) permeability index was observed in leukopenic mice than in corresponding immunocompetent infected mice. Since intrapulmonary neutrophil sequestration was not seen in leukopenic animals and nitrogen intermediates (NO levels) remained low in lungs, bacterial virulence factors (e.g., teichoic acid and pneumolysin for S. pneumoniae and endotoxin for K. pneumoniae) may have contributed to the enhanced permeability and lung tissue injuries. In vitro, the binding of bacterial cell walls to endothelia leads to the separation of contiguous endothelial cells, with a resulting loss of endothelium barrier function (12) . The same phenomenon could have occurred in bacteremia, thus contributing to the observed increase in vascular permeability. Therefore, the putative role of leukocytes as inducers of edema may be misleading in bacteremia. In fact, most leukopenic patients with bacteremia subsequently develop diffuse lung injury or ARDS (20, 25, 26, 30, 34, 35) .
As for the reduction in blood WBCs and fall in platelet counts observed in the late stage of both S. pneumoniae-and K. pneumoniae-induced bacteremia in immunocompetent mice, they might be related to cell recruitment to the lungs and disseminated intravascular coagulation, respectively. While hematological disorders, ultrastructural changes to the lungs, and rapid mortality characterized bacteremia in both immunocompetent and leukopenic mice, biochemical analyses showed no major effects on other organs in this model, and mice apparently did not die from multiple organ failure. Only the BUN and creatinine levels were shown to be affected shortly before death in the K. pneumoniae-infected immunocompetent group, suggesting that renal dysfunction most likely was induced by vasoactive mediators triggered by bacterial components. Despite the complexity of the pathophysiologic changes and toxicity reactions that together contribute to morbidity and mortality in sepsis, advances in our understanding of the factors that ultimately affect the outcome of bacteremia and pneumonia will allow us to improve the therapy of these threatening infections.
